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MICROSURGERYPreoperative Imaging for Thoracic Branch of Supraclavicular
Artery Flap
A Comparative Study of Contrast-Enhanced Ultrasound With Three-Dimensional
Reconstruction and Color Duplex UltrasoundYashan Gao, MD,* Yuwen Yuan, MD,* Haizhou Li, MD,* Bin Gu, MD,* Feng Xie, MD,* Tanja Herrler, MD,†
Qingfeng Li, MD, PhD,* and Tao Zan, MD, PhD*Objective: The thoracic branch of supraclavicular artery (TBSA) flap has been
widely used to reconstruct face and neck defects. However, the branches of the
supraclavicular artery (SCA) exhibit considerable anatomical variations. The
aim of this study was to evaluate and compare the role of contrast-enhanced ultra-
sound (CEUS) with 3-dimensional (3D) reconstruction and regular color duplex
ultrasonography (CDUS) in the preoperative assessment of TBSA flap.
Methods: From May 2009 to October 2013, 20 patients (involving 26 flaps) re-
ceiving anterior chest flaps for lower face and neck reconstruction underwent
both CDUS and CEUS with 3D reconstruction preoperatively for detecting the
TBSAs. The number of TBSAs, their caliber, peak systolic velocity (PSV), and
course were recorded. In case of an absent TBSA, the second and third perfora-
tors of the internal mammary artery were detected. The preoperative imaging data
were compared with the intraoperative findings to evaluate the value of CDUS
and CEUS with 3D reconstruction for planning and performing the TBSA flaps.
All patients were followed up for more than 1 year.
Results: A total of 37 TBSAs in 16 flaps were found by CDUS with a mean cal-
iber of 0.6 ± 0.1 mm and a mean PSVof 13.1 ± 1.6 cm/s, whereas 48 TBSAs in
20 flaps were found by CEUS with a mean caliber of 0.8 ± 0.2 mm and a mean
PSVof 12.5 ± 2.1 cm/sec. In 18 flaps with TBSA PSVabove 10 cm/s, pedicled
TBSA flaps were performed, whereas pedicled or free internal mammary artery
flaps were chosen as alternative for the remaining 8 flaps. All 48 TBSAs were
found intraoperatively and their origin from the SCA confirmed, indicating spec-
ificity and positive predictive value of both CDUS and CEUS were 100% in lo-
calizing TBSA preoperatively, whereas sensitivity and negative predictive value
of CEUS were higher than using CDUS.
Conclusions: The branches of SCA have marked anatomical variations. CEUS
with 3D reconstruction has advantages over CDUS for the preoperative assess-
ment of the donor-site vascular supply of TBSA flaps.
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Copyright © 2016 Wolters Kluwer Hthis area, we have proposed the principle of “matching, large size, and
thinner thickness” in flap selection for facial reconstruction.1 According
to this principle, preexpanded anterior chest flaps appear to be the
ideal choices for cervicofacial reconstruction. Different types of
anterior chest flaps can be used, among which the thoracic branch of
supraclavicular artery (TBSA) flap is a workhorse flap.2
The supraclavicular artery (SCA) originates from the transverse
cervical artery in a triangle formed by the external jugular vein,
sternocleidomastoid muscle and clavicle, enters the subcutaneous layer
of the supraclavicular region, and divides laterally and caudally into del-
toid branch and thoracic branches. The deltoid branch extends to the
acromial region and could be harvested as “SCA island flap (SCAIF)”,
whereas the thoracic branches traverse the clavicular to the thoracic
region and may be elevated as TBSA flaps.2–4 However, Ma et al5 iden-
tified 4 types of SCA and found that the thoracic branch only existed
in 60% of the cases. Therefore, preoperative assessment of the vessels
is essential for successful flap transfer. However, currently used preop-
erative mapping methods, such as handheld Doppler (HHD), color
duplex ultrasonography (CDUS), computed tomography angiography
(CTA), and magnetic resonance angiography (MRA), have shown
considerable drawbacks.6–12
In this study, we propose a new method for preoperative assess-
ment of perforators using contrast-enhanced ultrasound (CEUS) with
3D reconstruction, which is minimally invasive, nonexpensive and
can accurately detect vessels with a diameter less than 1.0 mm, differen-
tiate the arteries and veins, and provide the 3D images. We compared
the accuracy of CEUS with 3D reconstruction and traditional CDUS
in detecting TBSA and discussed the variation of SCA using CEUS
with 3D reconstruction.PATIENTS AND METHODS
Patients
FromMay 2009 to October 2013, 20 patients (26 flaps) between
20 and 45 years of age underwent surgery to resurface postburn neck,
cheek, or perioral defects using preexpanded anterior chest flaps. Pre-
operatively, pedicle vessels were evaluated using both CDUS and
CEUS with 3D reconstruction. The protocol of this study was approved
by the local ethics committee, and all patients gave informed consent.
All procedures were performed at our institution by the same surgeons
and ultrasound team. All patients were followed up for more than 1 year.
Tissue Expansion
All patients received tissue expander implantation in the first
stage to achieve a larger and thinner flap and to reduce donor-site mor-
bidity. An incision was made lateral to the expander pocket and anterior
to the deltopectoral groove. The dissection was performed between
the subcutaneous tissue and the pectoralis fascia. A rectangular tissue
expander was then implanted into the anterior chest pocket. The se-
quential water instillation procedure was performed twice a week forwww.annalsplasticsurgery.com 201
ealth, Inc. All rights reserved.
TABLE 1. Number, Caliber, and PSV of TBSA in 26 Flaps Detecting
by CDUS and CEUS
Number (Branch) Caliber, mm PSV, cm/s
CDUS 37 0.6 ± 0.1 13.1 ± 1.6
CEUS 48* 37 0.9 ± 0.1 13.4 ± 1.5
P <0.05† >0.05‡
11 0.6 ± 0.1 9.3 ± 1.1
*48 TBSAs detected by CEUS included 37 branches also found by CDUS
and further 11 branches found by CEUS.
†Significant differences exited between CDUS and CEUS measures of the
caliber of 37 branches.
‡No significant differences exited between CDUS and CEUSmeasures of the
PSVof 37 branches.
Gao et al Annals of Plastic Surgery • Volume 77, Number 2, August 20164 to 8 months starting 2 weeks postoperatively until the estimated ex-
panded skin size exceeded the size of the tissue defect.
Ultrasound Examination
AGEVoluson E8 ultrasonic device (GEHealth-care, Little Chalfont,
United Kingdom) with a 10- to 18-MHz liner probe and a volume probe
was used in the present investigation. A 7.5-MHz color Doppler flowme-
ter with its color Doppler flow imaging (CDFI) set in the most sensitive
and least noise-generating mode was used for both CDUS and CEUS.
Vessel Evaluation
The deltoid and thoracic branches of the SCAwere detected in
the supraclavicular and subclavicular region by both CDUS and CEUS
with 3D reconstruction according to their anatomical characteristics
with the patient in a supine position. In case of an absent TBSA, the second
and third internal mammary arteries (IMAP), which penetrate the muscular
layer in the intercostal spaces 1 cm lateral to the sternum and proceed to-
ward the deltopectoral groove, were detected. The location and course of
these vessels were identified and marked on the body surface. Vessel
quality was measured by peak systolic velocity (PSV) and caliber.
CEUS and 3D Reconstruction
The contrast agent SonoVue (Bracco, Milan, Italy) was dis-
solved in 10 mL of saline and injected through ulnar vein at a speed
of 1 mL/min. It was adopted to gain the best outcomewith a significant
signal increase but with the least CDFI signal excess. The contrast agent
SonoVue based on sulfur hexafluoride-microbubbles could raise the
blood echo and enhances the signal-to-noise ratio to improve the vessel
image. After injection of the contrast agent, the dotted signals of CDUS
were converted into a continual line, and the vessels were more
visible.13,14 We then performed 3D ultrasound scanning and 3DFIGURE 1. Contrast-enhanced ultrasound with 3D reconstruction sh
deltoid branchwas as big as the thoracic branch. (2) The deltoid branc
202 www.annalsplasticsurgery.com
Copyright © 2016 Wolters Kluwer Hreconstruction of the vascular network using the volume probe which
clearly showed the course of the vessels and their surrounding anatomy.
Intraoperative Evaluation of Perforators
According to our proposed treatment algorithm for face and
neck reconstruction using anterior chest flaps,2 the pedicled TBSA flap
was preferred for resurfacing lower face and neck defect because of its
closer pivot point and long pedicle length. According to our clinical ex-
perience, the TBSA of which the PSV was above 10 cm/sec could be
selected as the pedicle. In case of an absent TBSA, the IMAP flap
was used as an alternative option, which is more reliable. In this study,
TBSA and IMAP flaps were harvested after confirmation of the perfo-
rators by ultrasound examination. The courses of the perforators were
checked intraoperatively and compared with the CDUS and CEUS im-
ages to evaluate the accuracy of CDUS and CEUS in detecting perfora-
tors in the anterior chest region. The distance between the preoperative
outcomes and intraoperative findings was measured in millimeters.
Statistical Analysis
TBSA caliber and PSV showed normal distributions. Measures
of these variables were reported as means ± standard deviations. The
student t test was adopted to assess significant differences. A P value
less than 0.05 was considered to indicate a significant difference. Statis-
tical analyses were performed with SPSS 19.0.RESULTS
A total of 37 TBSAs in 16 flaps were found by CDUS with a
mean caliber of 0.6 ± 0.1 mm and a mean PSVof 13.1 ± 1.6 cm/sec. Af-
ter injection of the contrast agent SonoVue, the CDFI blood flow signal
of all these 37 branches were enhanced with a mean caliber of 0.9 ±
0.1 mm and a mean PSVof 13.4 ± 1.5 cm/sec. In addition, we further
identified another 11 TBSAs with a mean caliber of 0.6 ± 0.1 mm
and a mean PSVof 9.3 ± 1.1 cm/sec. In summary, 48 TBSAs in 20 flaps
were found by CEUS with a mean caliber of 0.8 ± 0.2 mm and a mean
PSVof 12.5 ± 2.1 cm/sec (Table 1). Also, using the volume probe and
the 3D reconstruction method, we were able to obtain continuous ste-
reoscopic vascular imaging which provided a clearer course of the ves-
sels, as well as their branching and distribution in the soft tissue.
Detected vessels were classified into SCA type I to IV as previ-
ously described by Ma et al.5 Briefly, type I included a pronounced del-
toid branch, whereas the TBSAwas thin or absent. In type II, the deltoid
and thoracic branches were equal. In type III, the thoracic branch repre-
sented the main branch. Type IV was characterized by a thoracic branch
originating from the transverse cervical artery. Among the 26 flaps
investigated by CEUS in this study, 8 flaps were classified in type I
with a TBSA PSV less than 10 cm/s, type II was found in 10 cases, 7
cases were attributed to type III, and 1 case to type IV (Fig. 1). After
all, the TBSAs with PSV above 10 cm/sec were found in 18 of theowed the anatomical variations of supraclavicular artery. (1) The
hwas big andmain. (3) The thoracic branchwas big andmain.
© 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Performance of CDUS and CEUS With 3D Reconstruction in Predicting the Presence of TBSAs
Flaps With TBSAs
US signal + − Total Sensitivity (%) Specificity (%) Positive Predictive Value (%) Negative Predictive Value (%)
CDUS
+ 16 0 16 80 100 100 60
− 4 6 10
Total 20 6 26
CEUS
+ 20 0 20 100 100 100 100
− 0 6 6
Total 20 6 26
Annals of Plastic Surgery • Volume 77, Number 2, August 2016 A Comparative Study of CEUS With 3D vs CDUS26 flaps, and we could design the pedicled TBSAs flaps based on the
CEUS information.
All 26 flaps in this study were preexpanded anterior chest flaps
and performed to resurface postburn neck, cheek, and/ or perioral de-
fects. For the 18 flaps in which TBSAswere preoperatively found to ex-
hibit above 10 cm/s, pedicled TBSA flaps were designed. For the other
8 flaps, pedicled or free IMAP flaps were chosen as alternative after
confirmation of IMAP by ultrasound examination.2 Intraoperatively,
the TBSAs of all 26 flaps were checked to evaluate and compare the ac-
curacy of CDUS and CEUS in detecting TBSA. All 37 TBSAs detected
by CDUS and 48 TBSAs detected by CEUS were found intraopera-
tively, and their origin from SCA confirmed. The distance between
the preoperatively marked location and the actual intraoperative posi-
tion was maximum 0.8 mm. No further TBSA was found intraopera-
tively. These results indicated the specificity and positive predictive
value of both CDUS and CEUS were 100% in localizing TBSA pre-
operatively, whereas the sensitivity and negative predictive value of
CEUS were higher than that of CDUS (Table 2). All flaps were har-
vested successfully according to our preoperative planning except for
1 case in which the TBSA detected by CEUS with a caliber of
0.6 mm was intraoperatively found too small and therefore switched
to a free IMAP flap for reconstruction, suggesting the measurement
error of CEUS to evaluate vessel caliber, which may be caused by the
CDFI signal excess.
Complications related to the contrast agent included minor gas-
trointestinal discomfort in 1 patient who recovered within 1 day after
without special treatment. The donor sites were closed primarily in all
cases without complication. Flap transfer complications included tip
congestion and necrosis in 2 cases. All the patients were followed up
for more than 1 year without further complications and were satisfied
with the surgical outcomes.
Case Report
A 29-year-old man presented with postburn scar contractures of
neck and lower face. Bilateral preexpanded pedicled TBSA flaps were
indicated to resurface the defect of neck and lower face beginning with
the left side. The CDUS examination revealed one left TBSA running in
the subdermal layer of the expanded flap with a caliber of 0.7 mm and
PSVof 12.1 cm/sec. After injection of the contrast agent SonoVue, the
CDFI signal of the TBSA increased. The CEUS showed the TBSA
more clearly with a caliber of 1.0 mm and PSV of 13 cm/sec. Using
the 3D reconstruction method, we were able to visualize the complete
course of the TBSA and its root vessel, the left SCA. Based on the in-
formation from CEUS with 3D reconstruction , we designed the pedi-
cled TBSA flap. During flap harvesting, the location of the TBSA was
confirmed as identified preoperatively. No complication related to con-
trast agent occurred. The donor site was closed primarily, and the flap
survived completely (Fig. 2).© 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Cervicofacial reconstruction with preexpanded anterior chest
flaps exhibits several advantages. First, this area provides skin and soft
tissue matching face and neck in color, texture, and thickness. Second,
using soft-tissue expansion, we were able to harvest a larger and thinner
flap and simultaneously reduce donor site morbidity. According to
the principle of “matching, large size, and thinner thickness” in flap
selection for facial reconstruction,1 the preexpanded anterior chest
flaps represent an ideal treatment option. Skin and soft tissue of the
anterior chest are primarily nourished by the SCA, the internal mam-
mary artery, the thoracoacromial artery, and the lateral thoracic artery.15
A pedicled TBSA flap, IMAP flap, and thoracoacromial artery perforator
flap16 may be harvested in this area. The TBSA flap was firstly described
by Ma et al17 in 1994. Later, many surgeons reported the use of TBSA
flaps for cervicofacial reconstruction with excellent utcomes.2,4,18 The
pedicled preexpanded TBSA flap is preferred over other flaps for the re-
construction of the neck and lower face due to the advantageous location
of the TBSA pivot point approximately 2 cm cranially of the clavicular
midpoint and, thus, close to the face.2Moreover, sufficient TBSA pedicle
length may always obtained by ligation of the terminal branches of the
transverse cervical artery. However, a dominant TBSA does not exist in
every patient. According to the cadaver study by Ma et al, the TBSA
only exists in 60% of the cases. The findings from the present study
using CEUS examination supported the results of Ma et al that the
SCA exhibited considerable anatomical variations and the TBSAs
with good quality which could be used as pedicle existed in 18 of the
26 (69.2%) flaps. Therefore, the preoperative examination of the ves-
sels is essential for successful surgery.
An ideal perforator mapping modality should be noninvasive;
predict the presence and location of the perforators with high accuracy;
provide the static and dynamic characteristics of the perforators, such as
its caliber, pedicle length, pivot point position and PSV; and deliver a
3D image showing the course of the vessels and their surrounding ana-
tomical relationships. The HHD, CDUS, CTA, and MRA are the most
commonly used methods in preoperative perforator mapping nowa-
days.6,19,20 However, all of them are characterized by advantages and
limitations. The HHD is a noninvasive and simple method. However,
it can only detect vessels to a depth of 20 mm and does not give any in-
formation regarding the diameter or course of the vessels and its sur-
rounding anatomy. The CDUS is noninvasive, economical, and can
provide valuable hemodynamic and static information of the vessels.
However, it does not provide a 3D image and lacks the ability to store
image. Besides, although some studies have proven its high accuracy
in identifying the perforators approximately 1 mm in diameter7,19,21
for the identification of smaller perforators which are also valuable in
pedicled flaps, CDUS always shows dotted, noncontinual signals and
may cause high test-retest unreliability and high false-positive and
false-negative rates.20 Multidetector CTA has been proposed as the bestwww.annalsplasticsurgery.com 203
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FIGURE 2. Case report. A 29-year-old man presented with postburn scar contractures of neck and lower face. Bilateral preexpanded
pedicled TBSA flaps were planned to resurface the defect of neck and lower face. Left side was performed in the first stage. (1) CDUS
examination revealed one left TBSA running in the subdermal layer of the expanded flap. (2) After injection of the contrast agent
SonoVue, the CDFI signal of the TBSA increased. CEUS showed the TBSA more clearly. (3) With the 3D reconstruction method, we
were able to visualize the all course of the TBSA and its root vessel, the left SC. (4) The location and course of the left TBSAwasmarked in
the body surface. (5) During flap harvesting, the location of the TBSA was confirmed as identified preoperatively. (6) The flap was
successfully transferred, while the donor site was closed primarily. (7) The flap survived completely after 2 weeks.
Gao et al Annals of Plastic Surgery • Volume 77, Number 2, August 2016method for evaluating the vessels before surgery22 because it can pro-
vide an overall 3D image record showing the complete course of the
vessels associated with their branch relationship and distribution in soft
tissue. Besides, according to the technical development (256- or even
320-row CT), it has the capacity to identify the very small perforators
with high accuracy.23,24 However, the primary disadvantage of CTA is
the inevitable exposure to ionizing radiation and its subsequent risk of
inducing complications.9,10 Also, it cannot provide any hemodynamic
information, which is important parameter in preoperative planning. Al-
though MRA can provide a 3D image of the vessels and has no radia-
tion exposure, it is very expensive and will only detect vessels larger
than 1.0 mm, whereas TBSA are sometimes less than 1.0 mm.12 There-
fore, new methods for preoperative perforator assessment should
be explored.
Contrast-enhanced ultrasound was first used in detecting perfo-
rators in 2010 by Lu et al.13 The contrast agent SonoVue based on sulfur
hexafluoride-microbubbles raises the blood echo and enhances the
signal-to-noise ratio to improve the vessel image.14 Lu et al13 demon-
strated the effectiveness of CEUS because the perforators were
displayed more clearly by CEUS than CDUS. However, that article
was structured as a report of a series of cases, without evaluating these
2 methods scientifically. Later, Su et al25 performed a retrospective
study including 32 patients undergoing different types of perforator flap
reconstruction to analyze the value of CEUS combined with 3D recon-
struction in preoperative perforator mapping and concluded that it was a
valuable method with high specificity (100%) and sensitivity. In the
present study, we support these results and demonstrate the 100% accu-
racy of CEUS in detecting the TBSAs because all the TBSAs found by
CEUSwere confirmed during operation with nomore TBSAs found in-
traoperatively, whereas the traditional CDUS had lower sensitivity and
negative predictive value than that of CEUS. According to our investi-
gation, the CEUS could detect the perforator as small as 0.5 mm,
whereas the CDUS showed dotted signal even for the perforators of204 www.annalsplasticsurgery.com
Copyright © 2016 Wolters Kluwer H0.5 to 0.6 mm and could not detect smaller vessels. Although our pres-
ent study demonstrates 100% specificity for both CDUS and CEUS
with 3D reconstruction in detecting TBSAs for detecting the perforators
in the sites with more complicated anatomical structures, the CEUS
may have higher specificity because the continuous 3D image could
be seen which help the surgeons better view all course of the vessel
and predict the root vessel. This could also help the surgeons decrease
surgery time and successfully elevated the flaps without concern for in-
juring the vessels.
Besides the advantages of higher accuracy of CEUS over CDUS
in detecting small perforators and providing 3D image of the vessels,
CEUS has advantages over CTA or MRA by providing hemodynamic
information. Peak systolic velocity is one of the most important perfo-
rator quality indicators. It is the maximum velocity of the blood flow
at the end of the systolic period. We did not find statistically significant
difference between CDUS and CEUS for the assessment of PSV in this
present study and had recognized the correlation between the PSVand
flap morbidity in our previous work. According to our experience, the
TBSA with PSV above 10 cm/sec could be selected as the pedicle of
TBSA flap.2 Therefore, although we found the existence of TBSAs in
20 flaps, for 2 of the 20 flaps in which the PSVof TBSAs were less than
10 cm/s, IMAP flaps were indicated to prevent flap morbidity.
In addition, CEUS also has the advantages of being economical,
minimally invasive, and avoiding exposure of the patient to radiation. In
our present study of 20 patients, complications related to the contrast
agent included minor gastrointestinal uncomfortable in 1 patient who
recovered within 1 day without special treatment, which preliminarily
confirmed the safety of CEUS.
The CEUS with 3D reconstruction still has its disadvantages. In
our present study, we found statistically significant differences between
CDUS and CEUS for the assessment of the caliber of the TBSAs. The
CDUS has been considered reliable for caliber estimation by some tech-
nologists,19,26 whereas the results of CEUS seemed to be less reliable,© 2015 Wolters Kluwer Health, Inc. All rights reserved.
ealth, Inc. All rights reserved.
Annals of Plastic Surgery • Volume 77, Number 2, August 2016 A Comparative Study of CEUS With 3D vs CDUSwhich may be due to its CDFI signal excess.25 In 1 case of our study,
the TBSA detected by CEUS with a caliber of 0.6 mm were found to
be too thin during surgery, and we had to change our operative planning
to elevate a free IMAP flap. In addition, CEUS is an operator dependent
and time-consuming procedure, because it might take up to 1 hour for
detecting TBSA, which is 30 to 45minutes longer than CDUS. Further-
more, the small size of the volume probe limits the resulting image in
width and depth, thus rendering it less accurate in detecting the deep
vascular system.25
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